ing in cognitive-behavioral skills produced the most consistent effects on psychological outcomes, especially on anxiety 13) . Van der Klink et al. 14) conducted meta-analysis of randomized controlled trials designed to reduce job stress in workers with psychological problems, and reported that a cognitive-behavioral approach was the most effective in reducing complaints, improving the perceived quality of work and enhancing psychological resources and responses. Cognitive behavioral therapy has also been used in the treatment of depression 16) , and has recently been reported as effective in treating anxiety disorders and other mental conditions 17) as well as preventing recurrent depression 18) . The cognitive behavioral component was developed to teach individuals various forms of active coping strategy (e.g. cognitive restructuring including re-framing and thought replacement, planning, seeking social support).
Preventive approaches to mental health management in Japan are rather limited, and very little research has been conducted based on population strategy 19) . Presently, the possibility of interventional prevention in the field of occupational health using a cognitive-behavioral approach is gathering attention 20, 21) . This study examined a cognitive-behavioral approach as an effective method of preventive stress-management intervention against a background of increasing mental health problems among workers.
The intervention program in this study was developed in line with the principles of Stress Inoculation Training (SIT), an inclusive form of cognitive-behavioral therapy focused on developing immunity to stress 22) . SIT aims to help individuals develop and acquire coping techniques to be used not only in solving immediate problems but also for dealing with future difficulties. Specifically, individuals are encouraged to learn a number of techniques including cognitive restructuring, self-monitoring, problem resolution and relaxation to build confidence in their stress-coping skills, and to use these techniques and build a tolerance to stress factors. SIT consists of three interlocking and overlapping phases: 1) conceptualization, 2) skill acquisition and rehearsal, 3) application and followthrough. The goals of SIT are to help subjects build coping skills, enhance their confidence in and utilization of their coping repertoire, and enhance their level of resistance to stress. In this study, coping skills, health competence and reactions to stress were used as indexes to evaluate the effects of intervention. Changes in participants' attitudes toward behavioral modification were also evaluated to examine whether they could apply their coping techniques in daily life.
SIT has been noted for its effects on the management of anxiety, anger and pain 13, 22) . In studies involving teachers 23) and nurses 24) , it was reported that anxiety was reduced through the use of SIT. In the one study involving insurance company employees 25) , it was reported that SIT improved subjects' coping ability, although no changes were observed in psychological health. In a study on SIT interventions involving law students, the method's effects on improving anxiety, general stress and irrationality were reported 26) .
In Japan, a growing number of civil servants undergo therapy due to mental disorders for periods of one month or longer 3) . The aim of this study was to examine the effects of a stress inoculation program to train civil servants in coping, health competence and response to stress. It is common to apply problem-solving methods in the workplace rather than limiting them to stress management, meaning that they are familiar to Japanese workers 27) . Against such a background, the acquisition of problemsolving coping behavior is considered a skill that is easier for Japanese workers to adopt compared with other management skills.
Method

Subjects and study design
The subjects of this study were 140 public organization office workers who wished to participate in stress management training (referred to below as the training) designed as part of a job training program. The subjects were recruited from 32 departments, and represented 15% of all the staff in each department. Seventy participants were assigned to the intervention group, and the other half were assigned to the waiting list control group, which was set to undergo the training one month after the intervention group. Participants were assigned to groups according to their preference, and those happy to join either group were assigned at random by the health management staff.
Before starting the intervention in September of 2006, written explanations of the purpose and details of the research were distributed to the subjects along with questionnaires. A total of 68 responses from the intervention group (a response rate of 97.1%) and 66 from the waiting list control group (a response rate of 94.3%) were collected. Three sessions were carried out with the intervention group from September through November with a four-week interval between each two sessions. A posttest was conducted immediately after the intervention, and a follow-up test was conducted one month after the intervention. The subjects in the waiting list control group were asked to self-evaluate their responses to stress using a stress response checklist distributed with the questionnaire before the research started. The checklist contained a graph on which the participants were asked to mark their self-evaluated stress response results. From the intervention group, 68 individuals participated in one or more sessions. After the training finished, 65 responses from the intervention group (a response rate of 95.6%) and 63 from the waiting list control group (a response rate of 95.5%) were collected. Data from 65 intervention group members who had participated in the training and returned the pre-and post-test questionnaires and data from 63 waiting list control group members who had returned all the questionnaires were analyzed (Fig. 1) . Among the 65 subjects from the intervention group, 57 individuals (a follow-up response rate of 87.7%) returned their follow-up questionnaires one month after the intervention.
Intervention program
The stress management program of this study was developed using the concepts of SIT 22) and included the three phases of education, cognitive-behavioral skill development, and relaxation training and practice. Following these phases, three one-hour sessions were held with four-week intervals between them. The sessions were led by an occupational health physician (a psychologist) and an occupational health nurse during working hours in a meeting room of the enterprise. Session 1 (Education phase)
The purpose of the first session was to enhance the subjects' understanding of the concept of stress and awareness of their own stress. The participants were given an explanation of stress, and were asked to self-evaluate their present responses to stress, job stressors and coping skills using the questionnaires distributed in advance. Next, they listened to a lecture on mental and physical reactions to stress and coping as an intermediate stress factor. At the end of the session, the participants were asked to keep a self-monitoring diary 28) until the next session. The diary was designed to enhance their awareness of the stressful situations that occur in their everyday lives. The subjects were asked to record stressful experiences, their feelings, physical reactions, thoughts, coping actions and the results of such actions, and whether any better alternatives could be used to cope with each situation. Session 2 (Cognitive-behavioral skill development phase)
The second session was aimed at learning skills that would help the participants cope with stress. It consisted of a lecture, cognitive restructuring training and training in problem-solving skills. During the cognitive restructuring training, the participants learned to modify the thoughts that automatically occur to them in stressful situations and develop a well-balanced way of thinking using their diary records. Problem-solving training was conducted in pairs, and also used the stressful experiences brought up by the participants. At the end of the session, the subjects were asked to keep a self-monitoring diary until the next session. The diary was designed to help them notice good events in their daily lives and develop positive self-attitudes, and was also intended to stimulate their actions and reduce stress. The participants were asked to record daily positive events that they experienced and their feelings at the time of those events. They were also asked to record the actions they took consciously to cope with daily stress and their feelings at the time of those actions. Session 3 (Relaxation training and practice phase)
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The third session was aimed at learning to apply stresscoping skills, including relaxation, in daily life. After a lecture on the meaning and methods of relaxation 29) , the participants practiced breathing techniques and methods for relaxation in the workplace. Next, the subjects were divided into groups of four and engaged in group discussions on effective methods of coping with stress in daily life using their self-monitoring diary records. The group discussion method helps develop more realistic and effective ways of coping by enabling participants to learn from other people's coping experiences.
Ethical Considerations
To guarantee anonymity, each participant was asked to create a six-digit ID number and use it instead of his/her name when completing the questionnaires, which were submitted in sealed envelopes and opened directly by the researchers. The study was conducted with permission from and in line with the ethical regulations of the Board of Ethics for Medical Studies at Hokkaido University's Graduate School of Medicine.
Measurement Scales
Outcome measures 1) Primary outcome measure
Coping was assessed using the Ways of Coping Checklist (WCCL) (47 items) 30 ) scored on a four-point Likert scale. The coping scale had the following six subscales: problem-solving (fourteen items), positive cognitive coping (ten items), seeking social support (six items), wishful thinking (six items), self-blame (four items), and avoidance (seven items). Higher scores indicated a higher level of coping. The original sample size estimate was 64 people per study group, which would have detected a difference of 15% in the primary outcome measure (assuming that α=0.05 and β=0.20).
2) Secondary outcome measures
Self-management skills were assessed using the Perceived Health Competence Scale (PHCS), which is comprised of eight items (such as "I am capable of managing my health") 31) scored on a five-point Likert scale. A higher total score represents a higher ability to modify one's habits and behavior. PHCS is considered effective as a general evaluation index for health education programs aimed at the promotion of health 32) .
Response to stress was assessed using 29 items from the Brief Job Stress Questionnaire (BJSQ) 33) scored on a four-point Likert scale. The stress response scale had the following six subscales: vigor (three items), anger (three items), fatigue (three items), anxiety (three items), depression (three items), and somatic stress response (eleven items). Scores on vigor were unified with those of the other subscales by reversing the figures obtained from the responses. A higher total score meant a higher response to stress.
Other measures Demographic and stress-related variables that could have influenced the results of the intervention were measured to examine the differences in characteristics between the intervention and waiting list control groups.
Demographic information on the participants was obtained through questions on gender, age, marital status, present diseases, official position, amount of sleep per day, regular exercise, smoking habits and hobbies.
Stress-related variables included job stress factors (seventeen items) and social support (three items: supervisors, co-workers and family) from the Brief Job Stress Questionnaire (BJSQ) 33) scored on a four-point Likert scale. Eight additional items on non-job stress were drawn up by the authors of this study using the table of psychological loads outside work from the Judgment Guidelines on Conformation of Mental Disorders and Other Occupational Injuries 34) , and were scored using a Yes/No choice.
Stress-coping skills were assessed using the Japanese version of the Sense of Coherence Scale (SOC) (thirteen items) 35 ) scored on a seven-point Likert scale. The SOC scale had the three subscales of comprehensibility, manageability and meaningfulness.
Statistical Analysis
First, the baseline demographic and stress-related variables of the intervention and waiting list control groups were analyzed using χ 2 testing and t-testing. Next, intention to treat analysis was performed to ascertain the effects of intervention. These effects were evaluated by comparing the responses to stress, stress-coping skills and health competence of the intervention and waiting list control groups at the pre-and post-survey stages. Analysis of covariance (ANCOVA) with repeated measurements was used to test the statistical significance of the effects of intervention (time × group) for each indicator. In addition, ANCOVA with repeated measurements was conducted after adjustment by sex, age, level of daily exercise, present diseases and SOC. To evaluate the sustainability of the effects of intervention, the pre-test data and data from the follow-up one month after the intervention of 57 participants who had completed all the ques-tionnaires were compared using ANCOVA with repeated measurements (time × group). The results were adjusted by sex, age, level of daily exercise, present diseases and SOC. Although no significant difference was found between the sex, present disease and SOC variables of the intervention and waiting list control groups, they were included in the adjustment for their potential influence on the effects of intervention. Finally, the effect size was calculated for each variable using Cohen's d (based on the mean values before and after intervention). A p value of <0.05 was considered to be significant. For the six subscales of the BJSQ, Bonferroni correction was applied and the significance level was set at p<0.008 (0.05 ÷ 6). All analyses were performed using SPSS statistical software (version 13.0).
Results
Comparison of Pre-survey Variables
There were significant differences in the levels of daily exercise between the intervention and waiting list control groups (Table 1) . No significant difference was found in stressors, social support, response to stress, sense of coherence or health competence ( Table 2) .
Effects of Intervention among All Participants
The pre-and post-survey results are presented in Table 3 . In coping, the scores for problem-solving and positive cognitive coping in the intervention group rose significantly after intervention in comparison to those beforehand, and a significant difference remained after adjustment. There was no significant effect for health competence. No significant effect was found for the subscales of response to stress (vigor, anger, fatigue, anxiety, depression and somatic stress response). Table 4 presents the sustainability of the effects of intervention through comparison of the pre-test and follow-up results for the variables that changed significantly after the intervention. In coping, there was a significant difference after adjustment for problem-solving and positive cognitive coping.
Using Cohen's d guidelines for interpreting effect sizes 36) , the intervention group showed a small-to-medium change in problem-solving coping and small changes in positive cognitive coping, seeking social support and self-blame, while the wait list control group showed small changes in self-blame, wishful thinking and avoidance (see Table 5 ).
Discussion
Coping is a method of dealing with stress, and is important as a stress-related parameter 37) . Active behavior (e.g., planning, seeking social support) and active cognition (looking for meaning in an illness, cognitive re-framing) are reported to have a positive effect on patients with chronic diseases and improve their levels of selfrespect 15) . In this research, problem-solving coping increased as a result of intervention, and the effect remained one month after the intervention. Problem-solving therapy is reported to be effective in improving depressive symptoms 38) . The problem-solving training within this study was based on a number of typical stressful situations that participants often experienced in the workplace. The fact that these problem situations were very familiar to the participants explains the effectiveness of the training. Although the effect size was small, there was found a significant effect in positive cognitive coping due to intervention. Positive thinking is known as an effective emotional coping technique. This may indicate that the newly acquired coping skills were strengthened by intervention. To enhance active cognition, self-monitoring diaries were used to encourage the participants to look back on their automatic thoughts in stressful situation, and cognitive reframing.This may explain the improvement of inefficient thinking within the study. The scores for wishful thinking in the intervention group showed a significant different, compared to the waiting list control group. Wishful thinking is reported to be based on negative attitude 29) . In the waiting list control group, although the effect size was small, a reduction in negative management behavior -including wishful thinking-was observed. This can be considered an effect of the stress reaction self-monitoring applied to the group. The adoption of this selfmonitoring in the stress management program may increase the effects obtained from the program.
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Health competence is understood as a form of self-efficacy for health management. The Perceived Health Competence Scale (PHCS) was developed to enable assessment of the ability to modify one's own daily habits and behavior related to health 39) . The scale is used as a general evaluation index for health education programs aimed at health promotion. Generalized self-efficacy (GSE) is defined as the impression that individuals are capable of performing in a certain manner or attaining a certain goal 40) . Individuals with high GSE are reported to be capable of taking effective problem-solving action, and a connection between GSE and health-related behavior has been proven 41) . On the other hand, task-specific SE (TSE), in comparison to GSE 39) , is understood as an index with a higher ability to predict changes in behavior. PHCS evaluates self-efficacy for health-management, and stands between GSE and TSE 31) (i.e., it is not as specific as TSE, but deals with more limited health-management issues than GSE). No change was observed in PHCS evaluation as a result of the intervention in this study. Stress inoculation and graded exposure can engender a subject's sense of self-confidence 22) . Stress management training should ensure that the subject receives and responds to feedback on the natural consequences of his or her efforts at coping. The feedback on positive changes brought about by individual efforts may have been insufficient in this study. The stress response level in this study was approximately the same or slightly lower than the mean value obtained from a national survey of Japanese workers 42) . The intervention program in this study did not lead to a reduction in response to stress. Previous stress management interventions involving healthy subjects demonstrated results for stress response reduction that do not coincide with each other. The cognitive-behavioral stress management conducted by Gaab et al. on students before an examination 43) was effective in controlling anxiety caused by the test, but there was no significant difference in depression between the groups. Some effects of stress management on improving stress reaction in the workplace have also been reported 13, 14, 44) . However, intervention programs for post-office workers 45) , teachers 46) and white-collar workers in the private sector 47) had no significant effect on job stress and response to stress. In the present study, the absence of any intervention-related effect on reactions to stress could be explained by the small effect of coping skills, which may not be enough to influence such reactions. SIT is effective in preventing the exacerbation of reactions to stress and in reducing such reactions by forming coping techniques to effectively deal with stressful events 22) . In this study, health education was provided to a large group of 70 individuals, and the effect of intervention was found to be small. However, although group guidance produces a smaller effect than individual guidance, it has the advantage of targeting larger numbers of people in terms of the degree of contact 48) . It is important to conduct further discussion on more effective approaches that can be applied to larger groups to maintain the mental health of workers. From a preventive point of view, the ability to confront stress is acquired gradually, which necessitates examination of the long-term effects of intervention.
With regard to the effects of intervention on males and females, the small sample of female participants in this study makes it impossible to draw conclusions. Further research with a larger number of participants is necessary to enable examination of differences by gender.
The limitations of this study must also be mentioned here. First, the effects of intervention were examined by comparing the intervention and waiting list control groups without conducting random allocation. Individuals who chose to receive intervention first might have had greater expectations regarding stress management in addition to reasons related to their jobs. The analysis was conducted with adjustment for demographic variables, and the influence of differences between the groups on the study results cannot be denied. Accordingly, it is necessary to conduct randomized intervention testing in the future. Second, the participants in both the intervention and waiting list control groups were chosen from the same sections, which may have influenced the results. Equal proportions of participants from each group complied with the policy of the enterprise, but those in the waiting list control group may have heard the details of the intervention from their co-workers in the intervention group.
To conclude, the stress management intervention within this study (based on a stress inoculation training program for civil servants) resulted in a statistically significant increase in problem-solving coping and positive cognition -an effect that remained one month after the intervention. The effect sizes in the intervention group showed a small-to-medium change in problem-solving coping and small change in positive cognitive coping. On the other hand, no intervention-related effects were observed in the areas of response to stress and health competence. As preventive interventional studies targeting healthy workers remain rather scarce in Japan, further research in this field is necessary, including examination of the frequency and methods of intervention sessions, the effects of intervention by gender, and randomized controlled trial interventions.
